The morning of the Mw6.7, 1/17/94 Northridge earthquake, we deployed 3 portable digital GEOS recorders (Borcherdt et al., 1985) in a small-aperture array configuration within the town of Northridge, a few kilometers north of the epicenter. Each site was instrumented with a 3-component Mark Products were recorded on at least one station in this time; 49 events were recorded on all three stations. Several of the larger events cannot be used for array analysis because they occurred when only 2 of the fba's were operational (one of the fba's malfunctioned during the first two weeks of the deployment), and many of the remaining events were too small to produce enough long period energy to provide coherent signal across the array. We will focus on two events that are both well-recorded across the array and are large enough to generate relatively long-period waveforms: a M4.0 event at 23:49 GMT on 1/17 (Event 1), and a M3.4 event at 21:26 GMT on 1/21 (Event 2).
We will also discuss other events that were well-recorded on one or two of the array stations. Because the timing is unreliable at the level of accuracy needed to perform array analysis, we follow the procedure of Hough et al. (1993) , aligning the time series so that the first Pwave arrivals have apparent velocities across the array of 2000-2500 m/sec and yield the correct back-azimuth to the known epicenter. For each event, the alignments are constrained to be the same for each of the three components. To choose a set of time delays for an event, we first align the time series using a prescribed velocity for the first identifiable sharp Pwave arrival. The delays are further refined using a trial-anderror consideration of results from all three components. Results for the later, slower arrivals are found to be quite insensitive to the assumed P-wave velocity; we will discuss a formal analysis of errors in a later section. The process of aligning the seismograms will obviate a possibly-large source of timing error: possible P-wave site delays due to lateral variations in sediment structure. This procedure is found to yield back-azimuth values that are relatively robust, but absolute velocity values that are less well-determined.
Analysis
To estimate apparent velocities and azimuths of arrivals, we use a moving-window slowness analysis presented .by Frankel et al. (1991) . Using the integrated seismograms, cross correla- Formal uncertainties can be estimated for the apparent velocity and backazimuth given a specified acceptable level of variance increase above the optimal value. This choice is itself subjective, and the resulting values do not reflect uncertainties from the alignment procedure. These error bars are therefore not considered to be necessarily reflective of the actual uncertainties. For illustration, however, figure 3 presents error bars estimated for the vertical component, representing misfit within 10% of the optimal value.
The results are observed to be consistent for the three components, each with the following salient characteristics: 1) The apparent velocity for the P wave is slightly higher than that of the S wave; 2) There is a sharp drop in apparent velocity after Unlike previous observational studies that have provided evidence for converted surface waves in valleys or basins, the Northridge aftershock sequence provides sources that are very close, in some cases within, the San Fernando Valley. Our waveform observations demonstrate significant variability of waveform character at a given site; these differences suggest that the efficiency with which the converted surface waves are created may depend critically on the locations of the source and receiver.
Although the generation of converted surface waves is complex, we briefly consider a few simple theoretical considerations that may bear on the sensitivity of surface wave generation to source location with respect to the valley. As discussed by Bullen (1963) , incident P/SV energy will reflect from the free surface primarily as SV waves for a fairly wide range of incident angles, roughly 2-60 ø, while incident P waves will reflect primarily as P for nearly vertical incidence. Calculations of horizontal eigenfunctions for Rayleigh waves in a layered half-space also show that the P/SV ratio is generally less than 1 (e.g., Aki and Richards, 1980) . Thus, it is plausible that arrivals at some valley sites will be steeply-incident body waves that have not generated enough SV energy to efficiently generate Rayleigh waves. (These same events may well generate surface waves at other sites within the valley, however). A second possible consideration is that the conversion of body waves to surface waves requires a slowing of the horizontal phase velocity by the down-dip basin/basement interface; the phase velocity of a wave traveling up-dip will increase.
In Southern California especially, numerous major faults run along the base of mountains, next to basins in which denselypopulated cities have developed. Examples include the Sierra Madre fault system at the base of the San Gabriel Mountains and the San Andreas Fault at the base of the San Bernardino
Mountains. The results of this study (and previous studies)
show that converted surface waves within basins will be an important factor in controlling earthquake ground motions. The results from this study suggest that the prediction of ground motions from future events, while ultimately tractable, need to consider carefully the location of the source.
